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ABSTRACT 
Tribological thin film coatings can enhance performance in 
mechanical components such as bearings and gears.  Although 
lubricant is present in most applications, the interactions of the 
lubricant with coated surfaces are not always well understood.  
In the present study, Stribeck curves (i.e., traction coefficient 
vs. dimensionless film thickness Λ) were generated for 
lubricated rolling contact between coated and uncoated 
surfaces.  Chromium nitride, tungsten carbide reinforced 
amorphous hydrocarbon, and silicon-incorporated diamond-
like carbon coatings are evaluated.  A ball-on-flat test 
configuration is used in a 100% slide-to-roll condition.  The 
test lubricant was a polyalphaolefin containing rust and 
oxidation inhibitor additives only.  Differences in traction 
performance are observed for different coating types.  The 
traction coefficient decreases at high Λ with increasing 
hydrocarbon content in the coating.  The combination of 
coating micro-texture and composition are believed to 
influence traction as Λ becomes small.   
INTRODUCTION 
 Tribological thin film coatings are being used increasingly 
on friction management and power transmission components, 
including bearings and gears [1].  Benefits include reduced 
friction and increased wear resistance, providing the 
opportunity to increase power density and/or survive poorly 
lubricated conditions.  To date, work to develop tribological 
thin film coatings has been validated mostly by application-ttps://proceedings.asmedigitalcollection.asme.org on 06/relevant component testing.  Although studies have considered 
lubricated sliding friction with coatings [2,3], to the authors’ 
knowledge only Wedeven et al. have reported rolling contact 
traction involving coatings [4]. 
Contact conditions in real tribological components such as 
bearings and gears can range from boundary to mixed to 
elastohydrodynamic (EHD) lubrication.  An understanding of 
coating influence on traction in each lubrication regime is 
desirable for coating design and performance optimization.  
Towards that end, Stribeck curves (i.e., traction coefficient vs. 
Λ) for lubricated rolling contacts with one uncoated and one 
coated surface are reported here. 
NOMENCLATURE 
Λ = ratio of calculated minimum lubricant film thickness to 
composite RMS surface roughness. 
μ = nominal unlubricated dynamic sliding friction coefficient 
against steel. 
EXPERIMENTAL PROCEDURES 
Stribeck curves were generated using a rolling ball-on-flat 
contact configuration with coated disks and uncoated balls 
made of AISI 52100 steel.  Testing was performed using a 
WAM tribology test platform (Wedeven Associates Machine).  
The balls were grade 25 with Rq ~ 95 nm.  Thin film coatings 
were deposited on disks using plasma-discharge vapor 
deposition techniques.  Chromium nitride (CrxN) and tungsten 
carbide reinforced amorphous hydrocarbon (WC/a-C:H) 1 Copyright © 2007 by ASME 
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deposition process.  Silicon-incorporated diamond-like carbon 
(Si-DLC, where DLC suggests hard a-C:H) was deposited 
using a plasma-enhanced chemical vapor deposition process.  
All of the disks were super-finished identically to give an 
isotropic topography (IF) prior to coating.  Other test disk 
details are listed in Table 1.   
The test lubricant was polyalphaolefin (PAO) ISO VG-10 
containing rust and oxidation inhibitor additives only.  To 
generate the Stribeck curves, the rolling/sliding lubricant 
entrainment velocity was ramped from 11 m/s to 0 m/s under a 
load of 340 N (Hertz contact stress ~2 GPa).  EHD film 
thicknesses were calculated using the Hamrock-Dowson 
equation for fully flooded elliptical contacts [5], using the mean 
oil temperature at the contact inlet measured with a trailing 
thermocouple.  Slide-to-roll ratio was 100%.  Total test 
duration was 150 s.  Testing was performed at room 
temperature.  Each test was replicated to ensure repeatability 
and provide confidence in the observed trends.  
Disk surface micro-texture was imaged using atomic force 
microscopy (AFM).  A Digital Instruments Dimension 3100 
AFM with a Nanoscope IIIa controller and RTESP single 
cantilever tip was used in tapping mode to image the disk 
surfaces. 
 
Table 1. Test disk details 
 
Disk Treatment Disk Rq (nm) μ (dry contact) 
Uncoated – IF 54 >0.6 
CrxN coating 49 >0.6 
WC/a-C:H coating 64 0.2 
Si-DLC coating 67 0.1 
 
RESULTS 
Stribeck curves are shown in Fig. 1.  The traction 
coefficient increases with decreasing Λ in each experiment as 
expected from the classical Stribeck curve transition from full 
EHD to mixed to boundary lubrication.  As a group, the 
traction coefficients converge toward ~0.02 at the highest Λ 
values evaluated.  Whereas uncoated and CrxN-coated disks 
display approximately the same traction coefficients at Λ > 0.5, 
WC/a-C:H and Si-DLC coated disks display comparatively 
lower traction levels at high Λ. 
Inspection of the traction coefficients in the boundary 
lubrication regime in Fig. 2 reveals that the highest traction is 
demonstrated by the CrxN-coated disks (~0.2), followed by the 
uncoated disk and WC/a-C:H coated disk (~0.12).  The Si-
DLC-coated disk displayed comparatively lower traction (<0.1) 
as Λ  0.     
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Figure 1. Stribeck curves for the disk and uncoated ball 






Figure 2. Stribeck data of Fig. 1 re-scaled to show the traction 
coefficient behavior as Λ  0. 
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Traction coefficients at high Λ decrease with increasing 
hydrocarbon content in the coating.  Because minimal asperity 
contact is expected at high Λ, it is suggested that interfacial slip 
between the polyalphaolefin test oil and coating surface may 
contribute to this behavior.  The two most “metallic” surfaces, 
the uncoated 52100 steel disk and CrxN-coated disk, 
demonstrate comparable traction at high Λ.  On the other hand, 
the two most “carbonaceous” surfaces exhibit the lower 
traction coefficients.  WC/a-C:H consists of WC nano-
crystallites suspended in a hard amorphous hydrocarbon 
matrix.  Si-DLC is an amorphous hydrocarbon matrix with 
incorporated silicon, and it contains a higher fraction of 
hydrocarbon material than WC/a-C:H.  Additional 
investigations are needed to validate this hypothesis further.  
Low Λ boundary traction behavior is affected by both 
coating micro-texture and composition.  The CrxN coating has 
the highest low-Λ traction, followed by the uncoated and 
WC/a-C:H surfaces and lastly the Si-DLC.  AFM images 
comparing the coating micro-texture (micro-asperities) are 
shown in Fig. 3.  CrxN and WC/a-C:H surfaces have nodular 
morphology that are typical for reactively sputtered films.  The 
Si-DLC surface is much smoother as expected for films 
deposited by plasma-enhanced chemical vapor deposition 
processes.  The dry sliding friction coefficient trend for these 
surfaces is shown in Table 1.  Uncoated and CrxN surfaces 
display similar friction coefficients in unlubricated sliding 
whereas the carbonaceous coatings have lower friction.  If 
these trends are applicable in interpretation of rolling contact 
boundary lubrication behavior (100% slide-to-roll), it is not 
surprising that the most nodular, highest friction coating (CrxN) 
should display the highest traction coefficient while the least 
nodular, lowest friction coating (Si-DLC) should display the 
lowest traction coefficient. 
 
SUMMARY 
Stribeck curves have been generated for lubricated rolling 
contacts between coated and uncoated surfaces using a ball-on-
flat test configuration.  Differences in traction performance are 
observed for different coating types.  The traction coefficient 
decreases at high Λ with increasing hydrocarbon content in the 
coating.  The combination of coating micro-texture and 
composition are believed to influence traction as Λ becomes 
small.  
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Figure 3. AFM images of 5 x 5 μm areas of (a) uncoated, (b) 
CrxN, (c) WC/a-C:H, (d) Si-DLC test disk surfaces. 
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